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DESIGi: OP A THREE-STOKT HBIITFOHJED COITCRETE 
COLD STORAGE BU1IDIBG. 

B J E C T • 

This thesis embodies the recmired calculations and 
drav/ings for the complete structural design of a reinforced 
concrete cold storage building. OJhe problen involves the 
determination of the stresses in the slabs, beams, columns 
and footings; the proper disposition of the reinforcement 
for strength and stability; a compilation of typical details 
to clearly illustrate the construction; and an estimate 
of the cost. 

In the computations of all structural members and in the 
general design, the Chicago Uuilding Code will govern. 

QIhe subject matter naturally divides itself into these 

subheads which will be treated in the f ollov/ing order; 

A. Descriptive and dimensional data. 

jb. Structural design. 

C. General architectural drawings. 

jj. Reinforcing plans. 

E. Constructional details. 

P. Cost investigation. 

A tabulation of the allowed unit stresses and a legend of symbols 

used in formulas are given at the end of the thesis. 
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DESCRIPTIVE A li D D I HE H S I OH Al DATA. 



DHEESIOITS. The location of the building on the site and its 
relation to the property lines are shown on the survey plat, 
Sheet #1. The structure itself is square but the property is 
in the form of a trapezoid with only three sides at right angles 
to each other, consequently the flat-iron shaped comer may be 
utilised for the office which is to be one story in height. The 
main building however is three stories in height above the base- 
ment. 

The first stoiy embodies the wagon platform, the 
shipping platform, the office, a city trade cooler for domestic 
sales, beef freezer "and beef cooler, a storage cooler room for 
packed meats, and an air lock to platform. 

On the first floor plan are given the general dimen- 
sions; length 90**0" divided into six bays of 15* 0° each; width 
68* 0" divided into four bayes of 17* 0" each; the office pro- 
jects 17* ff farther and includes two bays 15* 0" each. 

The height from first to second floors is 11* 8"; from 
second to third, 11* 8 n ; from third to low point of roof, 11* 8" 
and to high point 2*0" more. 

The second floor is to be devoted to storage space for 
dried fruits, canned meats, and the third floor to butter eggs, 
lard and dried meats. 

The basement will be used for general storage and for 
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DESCRIPTIVE A IT D DIME IT SIO HAL DATA* 



keeping hides* It will also accommodate all necessary leaders 
for piping from power house to cold storage building. 
DESCRIPTI01T OF STRUCTURAL DESIGN. The building is to be practic- 
ally fireproof by using concrete throughout, with steel window 
frames and rolling steel shipping platform doors. The partitions 
will be either tile or cork or both in combination; but in any 
case plastered on the inside* 

The elevator will run from basement to penthouse on 
roof, and there are to be two separate stairways from top to 
bottom of building to comply with the Uity Ordinance. 

For insulation, cork board will be used, the building 
to be completely enveloped or enclosed in it to make the insulating 
effect as perfect as possible. This may be done by using a layer 
of cork along the inside walls entirely separating them from the 
interior portion by constructing a framework to support the floors 
independently of the walls, as indicated by the drawings. 

A layer of cork will run under the first floor and over 
the roof slab malting a complete cork envelope for the interior, 

QIhe exterior walls will consist of brick panels sup- 
ported from a system of concrete columns and spandrel beams. The 
brick will be extended around the outside of columns and beams to 
make the exterior uniform in architectural treatment. 

Windows will be provided in the stair well and office 
only, the cold storage portions to be lighted by electricity, and 
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DESCRIPTIVE A ir D D I II E II S I 1U L DATA* 

ventilated by a system of ducts and fans. 

The roof v/ill slope in two directions away from the 
ridge at the center of the building and drain spouts are to be 
provided «t intervals along the cop ing wall to carxy off the 
roof drainage, a heavy layer of tar and gravel roofing will 
be put directly upon the top layer of cork insulation to make 
a thoroughly waterproof job and to assist the cork in keeping 
out the heat. 



Thesis - Pago 5 



-- S 2 E U t U ft A L DESIGN-- 

PBSLIiniTARY COMPUTATIONS: - 

In the design of reinforced concrete, the first con- 
siderations involve the selection of the unit woridLng stresses of 
the materials, the quality of steel and grade of concrete to be 
used, the relation of their moduli of elasticity, and the values 
of constants which occur in the calculations. 

lihe regulations of the Chicago building Code, which are 
to govern in this case, specify the following allowable stresses 
for 1;2:4 Portland cement concrete, the standard mixture best 
suited for the construction of slabs, beams and columns. 
Bending, extreme fibre, f = 700 lbs* per square 
inch. 

Direct compression, c = 400 lbs« per square inch. 
Shear in diagonal tension, v - 40 lbs. per square 
inch. 

Bond between concrete and plain round bars {for 
slabs), u r 50 lbs, per square inch; between con- 
crete and deformed round bars (for beams and columns;, 
w » 100 lbs. per square inch. 

High carbon steel will be chosen, having an elastic 
limit of not less than 55000 lbs. per equare inch, thus permitting 
the following values: - 

Tension, s = 18000 lbs. per square inch. 
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— STRUCCRUAL DESIGIT— (Cont'd) 

Shearing tension (for stirrups), y z 12000 lbs. per 
square inch# 

Ratio of modulus of elasticity of steel to that of 
concrete, n * 15. 

Compression, when used in columns, m = n x f = 
15 x 700 = 10500 Its. per square inch. 
Hoolced Dars, having a semi-circular hook: with 
radius three times diameter of bar shall be con- 
sidered capable of developing their full tensile 
strength. 

Steel stirrups shall talfce the stresses due to vert- 
ical shear in excess of 40 lbs. per square inch, for 
the concrete, but the combined shear must not exceed 
135 lbs per square inch* 

\7hen steel is used in the compression side of beams, 
the rods shall be tied by stirrups at intervals of 
12 diameters of bar. 

For protection against fire the steel must not be 
nearer the surface than 1 1/2 inches for beams and 
columns; 1/2 inch for slabs* To secure proper bond 
the spacing between centers of bars shall be 2 l/2 
diameters; and not less than one inch between layers 
of bars in beams or girders. 
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— SIRTJCTRUAl DESIG1T-- (Cont'd) 

Formulas, derived in 0?umeaure and Maurer f s "Principles of 
Reinforced Concrete", recognised in standard practice, will be used 
in all c amputations. Hie quantities p, k, «J, R etc., required in 
slab and bea^i calculations are therefore obtained as follows:- 

!Ehe economical steel ratio, producing the maximum allov;able 

stresses to exist in both steel and concrete at the same time equals, 

p.JL. 1 = .5 

2 s/f (s/nf + 1} 18000/700 (18000/15 x 700 + 1) 

« .0072 - SIZ% 

Ratio of depth of neutral axis to depth of steel, equals, 



K = V2pn + (pn) 2 - pn m \J{Z x #0072 x 15) + (.0072 x 15) 2 - (.0072 x 15) 
» .476 - .108 = .568 

Ratio of arm of resisting couple to depth of steel equals, 
j = 1 - S/5 s 1 - .368/3 = 1 - .123 = .877 

Vihen the percentage of reinforcement equals the economical 
steel ratio, the resisting moments of the steel and concrete are the 
same, and are represented by Rbd? Ihen, 
For the steel R = spj= 18000 x .0072 x .877 = 115 
For the Concrete R = .5 fkj = .5 x 700 x.368 x .877 = 115 
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— STRUCTURAL D £ 3 I G H — 

REFERENCE (CABLE FOR BEAM CA1CULATIOES. 

For determining the compressive stress in the concrete at 
the top of rectangular beam, or at the support of a continuous 2- 
beam where the lower half is in compression, the formula, 

f h M comes into use* The quantities H, b and d are 

.5 1c j b a* 
known but the quantity .5k. j varies with the steel ratio p, a var- 
iable, and n which in this case is taken at 15, 

3c rN/p 2 !!^ + 2 p n - p n and j = 1 - k_ • It is tlierefore conven- 

5 
ient to tabulate 1c, j and %5 fc j, the latter designated by K, for 

various values of p for use in the formula given above, S'his 

tabulation is given herewith and will be referred to as 'iable f3« 

TABLE #5. 



p 


k 


3 


Z 


.005 


.519 


.893 


.143 


.007 


.365 


.878 


.160 


.009 


.402 


•866 


.174 


.010 


.412 


•861 


.180 


.011 


.433 


.856 


.185 


.015 


•483 


.839 


.202 


.018 


• 513 


.829 


.213 


.020 


.531 


.823 


.218 
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— STRUCTURAL DESIGN — 

FIRST FLOOR SLAB. 

The live load per square foot on the first floor will be 
talsen at 200# per square foot to allow for heavy storage and for 
trucldLng. A slab slightly thicker than required by the computations 
is desirable to offset the wear on the floor. Q?he slab will be 
re-inforced in two directions and as the inverse ratio of the third 
powers of the two spans gives a coefficient of .59 as for the roof, 
the loading w in both directions will be as follows: - 

Live load per square foot ■ 200 # 

Dead load, slab 81#, Cork 4# =85 

Total « 285 # 

w = load taken by transverse rods = .59 x 285 * 168# 

w f * M » " longitudinal '» = .41 x 285 = 117# 

For the typical interior continuous spans, 

M - 168 x 15 x 15 x 1 z 37800 in. lbs, 

M f = 117 x 17 x 17 x 1 « 33900 » " 



d« =, / IV 
VR b 



_H = / 57800 = 5.3 

R b \/113 x 12 



/ 55900 s 5.0 " 
V 113 x 12 

Fireproofing s 0.75 

d (bottom layer) ■ 5.5 

Slab thiclmess = 5.85 (Transverse) 



- 1 



, _ ! 
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— STRUCTURAL DESIG17 — 



Fireproofing 


= .75 


d» (top layer) 


= 5.0 


Space for lower rods 


* 0.5 


Slab thickness 


- 6.25 



Therefore the slab should be 6 1/2 inches, this being determined by 
the depth needed for the upper layer of steel • 

As explained for the roof slab, the bars should be bent up 
at the quarter points and carried to the third points in the ad- 
jacent spans, half the bars being bent and half straight. 

The second floor slab -ill nlso be &$" the same as the first 
because the live load is also 200 lbs. per square foot as stated in the 
column computations. iTierefore the slab bars will be bent the same 
as the first floor slab bars. 

In computing the slab bars, consider the lower layer as con- 
taining the bars extending the short way since they will receive the 
larger part of the load; then the upper layer will consist of the 
bars running the long way. First figure the lower layer: - 
M = 37800 "# d = 5.75" 

Steel area = 27800 = #416 

18000 x .877 x 5.75 

This is equivalent to jf* round rods at 5^-" centers for the middle 

half of the slab; for the outer quarters space the rods farther 

apart, namely 10" centers. 

For the spacing in zhe upper layer: - 

M'_- 33900»# d* - 5.25 



.. 1 
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— S i ; H U C * U K A L D JS a I G IT — 



A = 55900 = .573 

18000 x .877 x 5.25 

This is ecraivalent to -i J ' round rods spaced 6j- w centers for the 

middle half of the slab; for the outer quarters space -tH 1 round 
rods at 10" centers. 

The rods lying in the outer quarters will "be straight, 
extending from center to center of supports only; while the rods 
lying in the middle half will be bent up at the quarter point, the 
alternate rods in each span running over the supports and to the 
third points in the adjacent spans. By this arrangement there will 
be the same amount of steel over the supports as at the middle of 
the span, conforming to the assumption that the bending moments for 
the usual conditions of loading are approximately the same at the 
support as at the center of the slab, there the slab is continuous 
over one support only as at the wall, the rods will be run straight 
along the bottom of the slab into the wall or spandrel beams on the 
supposition that no appreciable negative moment exists there and 
that only a negligible amount can be resisted oir the beam as a 
torsional stress* 
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— STRUCTURAL D E S I G II — 



SECOKD FLOOR BEAMS- (1st fl. bras, similar j 

The loading on the second floor per square foot is ... 200 # 

Dead load including cork insulation and concrete slab, 85 

235 

Multiplying the coefficient of .59 "by 285 gives the transverse 

load s ... 168 # 

Then the longitudinal load = ... 117 # 

For the 15-foot span typical interior beams the triangular load 

from the slab : IS x 17 x 117 - ... 30000 

Weight of beams reduced to equivalent triangular load - ... 1700 

Beam load W - 31700 # 

II = 1/6 Wl = 31700 x 180 x .167 x.8 a 765000»# 

Use a 12" x 22" size; d = 20" 

A a 765000 = 2.4 sq. ins. This roauires 4 rods 

.877 x 18000 x 20 

7/8" diameter. 

7 - 15800" v - 15800 - 69#/ sq. in. 

12 x 22 x .877 

The steel ratio = 2.4 = .01 r P 

12 x 20 

Prom Table #3, the value of K s -18 and the compressive stress at the 

column = 765000 - 880 # per sq.- inch. This is not ex- 

12 x 20 x 20 x .18 
cessive because the allowable compressive stress of 700 # may be in- 
creased about 15%at the support. 

In spacing stirrups, the concrete is to be figured for its 



fl ^ 
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— STRUCTURAL D E S I G IT — 



share of the shearing stress at 40# per sq. inch* 

Then total shear - 15800 

Concrete takes 12 x 20 x 40 x #877 » 8400 

For stirrups ~ 7400 

Spacing = ,11 ^ 2 x 12000 x +877 x d = 2520 d 

V V 

Spacing at ends - 2220 x 20 = 6 tf 

7400 

Maximum spacing = #75 x 20 - 15" 

Therefore space 3 stirrups at 6", 3 at 8" and 3 at 10" from each end* 

For the 17 foot span typical interior beams the triangular 
load from the slab is 15 x 17 x 168 - 43000# 
Weight of team as equivalent tri- 
angular load = gQOOff 
Beam load \7 - 46000# 

II s 1/6 Wl = 46000 x 204 x .167 x .8 = 1,260,000 ••# 
Use 14" x 30" size; d s 28" 

i. x 1260000 = 2.85 sq. in., requiring 4 rods 1" diameter. 

18000 x .877 x 28 



l'he steel ratio s 2.85 - .007 - p 

14 x 28 

From I'able ff3 the valiie of K s .16 

Compressive stress at support - L I = 25000 m 720# 

Kbd 2 " .16 x 14 x 28 x .877 
per equare inch, ^7hich is amply safe. 

v = 25000 = 68 # per Sq. inc. 

14 x 28 x .877 
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-- S T S U C '±> U ?, A L DESIGN — 



Spacing of stirrups at suds = 2320 x 28 - 7". She maximum 

9300 

spacing is .75 x 23 z 21", therefore space 4 stirrups at 6", 3 

at 8" and 3 at 12". Jtsend up two beam bars at the quarter points 

and extend to the third point into neict bearas. 
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~ STRUCTURAL DESIGU — 

ROOP SLAB. - TYPICAL BAT. 

The bending moments in slabs as required by the Chicago 

Code are: 

IE = l/l2 >7 1 , for continuous intermediate spans* 

M ■ l/lO w l 2 f » " end » 

M * 1/8 w I 2 , " n simple " 

The length of span for continuous slabs is from center to center 

of suports; and the sane for non- continuous slabs, except tha,t 

it need not exceed the slear span, plus the thickness of slab* 

For rectangular panels where the ratio of the spans does not 

esseed 1»25 the slab may be reinforced in both directions, the 

load being distributed in the two directions inversely as the 

cubes of the spans • 

The typical panels measure 17 x 15, having a ratio of 

1.13 therefore less th«ji 1«25 and may be reinforced both ways* 

The proportion of the load carried by the transverse reinforcing 

will be 17 s 9 4913/8288 = 59$ the short way; and 41$ 
17 3 +15 3 

for the long way* 

The load per square foot includes: 

Live load = 25 # 

Dead load 

Roofing « 10 
4 1/2" Concrete Slab= 55 
4" Cork insulation = 4 
Total 9 5 a 
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— STRUCTURAL DESIG1T 



m? { transverse) = # 59 s 95 « 56 # 

w» (longitudinal) » .41 x 95 = 59 # 

For typical roof slab panel, 17* x 15 f , intermediate continuous 

spans, 

M = 1/12 v l 2 = 56 x 225 ac 1 = 12600 inch-lbs. 

M»- » '» = 59 x 289 x 1 » 11500 " 



*=n£V\/ 



12600 = 5,05 » 
115 x 12 



11500 = 2.92" 

115 x 12 



d»« / M " a , /" 
VR~b V^ 

Allowing l/2" fi reproofing, and l/4" to center of l/2" round rods, 

makes the distance from bottom of slab to center of steel 5/4". 

For the lever layer of bars, d = 5.05 and adding 5/4" gives 5.8 

for the thickness; for the upper layer, d = 2.92", and adding 

5/4" plus 1/2" for bottom bars, gives 4.17" for the thickness; 

or pay 4 1/2", choosing the nearest half inch. Then the actual 

depth becomes 5 5/4" for the lower layer end 5 1/4" for the upper 

layer. Using these values, calculate the area of steel required 

per foot of slab. 

A = H = 12600 = .21 sq. in. 

d s .877 x 5.75 x 18000 

A' a M' = 11500 = .198 so., in. 

y d» s' .877 x 5.25 x 18000 

Round rods 1/2" diameter have a cross-sectional area of .1965 sq. in. 

To figure the spacing of the rods multiply the cross-section area by 

12 and divide by A. 
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— STRUCTURAL 3> E S I G IT -- 



Spacing for lav or rods = 12 x #1963 = 2.36, dividing by # 21 = 
11" centers. 

Spacing for the u/per rods = 2.36 divided "by .193 = 12 centers. 
The spacing in both directions will be made 9 inches However 
because it is not good practice to space rods farther apart than 
twice the thiclaiess of the slab (in this case 2 x 4 1/2 = 9") 
owing to the tendency of the concrete to crack and break beibween 
widely spaced rods, especially under jarring loads. 

It would be feasible to use 5/8 n rods at closer spacing 
but they are more expensive to handle and the consequent small 
saving in amount of steel would be offset by tne labor expense. 

The proper bending of the rods is based upon the location 
of the points of maximum positive and negative bending moments 
under any possible conditions of loading which will produce the 
greatest stresses. In a series of continuous spans with every 

alternate one loaded the largest positive moment will be produced, 

2 
closely approximating 1/12 w 1 . This is the same value used for 

the negative moment which reaches its peak when the spans adjacent 
to the support under question are loaded and also every alternate 
span thereafter. Under full -dead and live load the negative would 
exceed the positive bending moment yet the maximum values must 
be provided for in safe design. Under varying conditions the 
change from positive moment at the center to negative at the sup- 
port occurs at or near the quarter points, and it is here that 
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— STRUCTURAL D E S I G li- 
the rods should be bent up at an angle of 45 degrees, conforming 
very nearly to the direction of the diagonal shear forces existing 
there. The bent tip rods should run over the support and into the 
nest span to the third point to take any negative moment which 
may come about through special conditions of loading above des- 
cribed. The details of the bending are given on the steel lists 
in the latter part of the thesis. 

The slab in the middle half of the bay is subjected to 
the greatest strain and the part around the edges, being near 
the siwports, possesses additional strength so that the rods 
should be spaced the minimum distance apart in the middle half 
and farther apart in the outside quarters; also the rods here 
may be straight, extending only to the supports. This omission 
of top steel near the supports permits easy handling and placing 
of the steel, and at the same time conforms to good practice. 

ROOF BEAMS - TYPICAL IJ3F2BIGB 15 f SPJJf. 

Where slabs are supported on four sides the beams do not 
carry a uniform load but more nearly a parabolic or triangular 
shaped, load, the latter usually being figured as it is slightly 
on the side of safety, the bending moment equalling l/6 \7 1 
modified. The 15* beam receives "the load carried to it from both 
sides by the longitudinal slab reinforcement, amounting to 37# per 
sq. ft. over an area 17 x 15 feet, totaling 9435 lbs. triangular 
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— Structural desigit — 

load. The weight of the beam itself at 200# per ft. is 3000#. 
This might be figured separately as M = 1/8 W 1 but may be 
combined with the 9435 lbs. by using only 3/4 of it, since that 
is the ratio of 1/8 * 1 to 1/6 W 1. Because of the continuity 
1/6 \7 1 should be reduced until equivalent to the coefficient 
l/l2 W 1 as compared to 1/8 W 1. This reduction is 33 l/3% 
but is not taken less than 30%. 
Total triangular load 9435 + 2250= 11685 # 
11 = .7 x l/6 Wl = .7 x 2 x 11685 x 15 = 245000"#. 
V = .5 x 11685 = 5850 #. 

Pour bars will be used so that two may be bent up and carried 
into the next span to take care of negative moment at the support. 
With four bars in one layer spaced 2 l/2 diameters apart to insure 
proper bond, a width of at least ten inches would be needed, allow- 
ing for 1 l/2 H concrete protection for the steel on each side. 
For a tentative size a 10" x 16" beam will be selected. The depth 

to steel will be 14". Then :- A = 245000 = 1.1 sq. in. 

18000 x .877 x 14 
This is equivalent to 4 - 5/8" round bars, whose total area is 

4 x .3 = 1*2 Sq. in. 

p = 1.2 = .0086 At the support the bottom of the beam is in 
10 x 14 

compression and there being no T flange, the formulas for rectang- 
ular beams will apply, vThen p s .0086 then kj : .169 (See Table #3) 

f = H = 245000 = 740 # per sq. in. 

2H^j ,0 x 14 x 14 x .169 



n „ * 
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-- 1 T R U C T U E A L D E S I G IT ~ 

which is sufficient, 800 # being allayed adjacent to the support. 

V = 7 = 5350 = 48 # per sq in. 
bdj 10 x 14 x .877 

b (required) = M How, when t/d - 4.5 s .52, then 
R d a 14 

R = 108 from Table 4. 

. b = 245000 = 11 l/2" This is not too groat since 

108 2 14 x 14 " 

it may be as large as 1/3 the span between beams. 

It will be noted that the size of the beam in this case is 
governed by the negative bending moment ever the support and not 
by shear or width of' T-flange. Of course compression steel could 
be used but the beam is as shallow as good practice would permit 
for such a long span and furthermore it is preferable not to use 
compression steel over the supports except for the end spans. 
Where compression steel is tised, it should be limited to 1% 
since if an excessiv'e amount of steel is used the formulas may 
fail to represent the true relation between the concrete and 
steel stresses. 

The end span beams are designed similarly but M - 1/10 w l 2 

instead of l/l2 v; l 2 , and l/6 W 1 should be reduced 20$ 

U = t8 x 2 ac 11685 x 14.5 = 270000"# 

A = II a 270000 - 1.23 Sq. in. 

6jd 18000 x .877 x 14 

Use 2-3/4" and 2-5/8" round bars, total torea 1.48 sq. in. The 

negative moment at the support will exceed the positive moment 
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— STRUCTURAL DESIGlf — 

at the center, therefore more steel will "be needed at the support 
so the two larger 3/4" bars should be bent up erA the two 5/8" 
bars run straight along the bottom of the beam* 

For stirnips 3/8" round rods will he used to take the shear 
in excess of that carried tjy the concrete at 40^ per sq. in. When 
steel is used in shear action the allocable stress is 12000# per 
so., in. 

Let V = total shear in beam. 

11 V* = shear taken by concrete 

" 7* * = » (f " stirrups, 

Then V ft = V - V f and the stirrups should be designed for this 

difference, according to the rormula, aPAGHTG = s 1 x .i d x A , 

Y»» 

where A is the cross section of the two prongs of the stirrup. 

Substituting values :- 

Spac. = 12000 x #877 x .22 x d_ , since A for 2 prongs 

3/8 M round = 2 r Jl = .22 

Spac. = 2320 x d 

V 

At the end of the beam V ■ 5850 # 

10 x 14 x 40 x .377 =. V = 4900 

Y tf = 950 # 

Spac. at ends = 2320 x 14 ■ 34" but maximum spacing should 

950 
not exceed 3/4 the depth of beam which is 12". Therefore use 

arbitrary spacing of 3 at 8" and 3 at 10" 
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— STRUCTURAL DESIGN — 



ROOF BEAMS - TYPICAL I1KERICR - 17*0" SPiUI. 

The floor load carried to the 17 ft* span beam by the 
transverse reinf orcement is 56 x 17 x 15 ■ 143Q0#, considered as 
a triangular load. The weight of beam taicen as 200# per ft. = 
3400#; to combine with the triangular load add 3/4 of 3400 * 
2600# (which will produce the same ^-bending moment); total = 
16900# = W. 

II = .7 x 1/6 Wl z # 7 x 12 x 16900 x 17 m 402500^ 
V = .5 x 16900 = 8450 # 

The size of the beam selected involves consideration of the shear- 
ing resistance, limitation in diameter and number of reinforcing 
bars, space for steel, and value of negative bending moment at the 
support. 

Pour bars is a convenient number for continuous beams, 
allowing half of steel to be bent over the supports and into the 
next beam without interference. A width of 12 lt would accomodate 
four bars 1" diameter or less, assuming a distance of 2 l/2 diameters 
between bars, and 1 l/2 ,r from side surface of beam to the steel. A 
depth of 16" will fulfill the condition that the stress in the con- 
crete at the support shall not be excessive. The depth to steel 
d = 14". 

It should be noted that where a continuous beam passes over 
the supports, the top is in tension and the cot torn in compression 
With no , f tog, t0 asslst s0 that the resutimce of a ^^^ 



a --• ,r.yl 
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no t a 2? beam must be figured* 

f = 11 Z 402500 s 885 # per sq. in. 

.5 b d 2 k J 12 x 14 x 14 x.195 

The quantity #193 is taken from Table #3 and is the value when 

p = .0125 

A * 11 a 402500 = 1.8 sq. in. 

s x J d 18000 x .877 x 14 

Use 2 round bars 3/4" and 2-3/4". Area 2*08 so. in. 

v = V = 8450 = 58 # 

bjd 12 x .877 x 14 

At the support the concrete stress must be redticed by compression 

reinforcement. The stress must be reduced to 800#. The difference 

is 885 - 800 = 85f per so^ in. tip using steel in the compression 

side which is the lower porfton of the T-beam at the support, the 

reinforcement will relieve the concrete of some of its stress. This 

is done by letting the bottom rods run through or by using extra 

short rods over the supports. The former method will be used and 

one of the two bottom bars in each beam will be extended into the 

adjacent spans. By diagram #4 it will be seen that when a reduction 

of 25% is needed, only 1% of compressive steel is required and in 

this case where the reduction is small 1 bar as a minimum will be 

run through. 

The bending of the bars in the continuous beams is governed 
by the same considerations as in the case of slabs so that the bars 
will be bent up at the quarter points and extended over the top of 
the supports *° tlie third points in the adjoining spans. 
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COLUMNS. 

A convenient diagram for reference in designing concrete 

columns is that shown as Plate #5. Its construction consists in 

laying off on the x axis of coordinates the percentage of vertical 

sheel, p, which ranges according to the Chicago Code from .005 to 

•03; and laying off on the y axis the load on the column. Then 

selecting standard sise such as 12 x 12 or 16 x 16; the graphs 

are made for each. These graphs must be straight lines because 

the formula for columns is in the first degree. P«Ac (1 + p 

(n - 1)) For example for a 14" x 14" column when p = .005 then 

P = 121 x 400 ( 1 + .005 x 14) = 48400 x 1.07 

= 51800 lbs. 
and when p s ,03 then, 

P = 4-8400 x 1.42 = 68600 lbs. 

To determine a column to hold 55000 lbs. for instance, refer to 

Table #5 and trace horizontally from 55GD0 to the point where it 

intersects the graph for 14 x 14 column, then vertically downward 

to .0098. 
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COLUMNS-TYPICAL INTERIOR. 

The floor area carried "by each interior column is 17 x 15 = 
255 sq. feet in each shorty. To this must be added the weight of the 
adjacent beams and the colmim itself. The live loads per square foot 
are, for the several floors, 200$ on first and second, 150# on third, 
and 25# on roof. She dead loads are, first floor 85# f second 85#, 
third 80#, roof 70#; see floor slab design sheets, She average v/eight 
of floor beams framing into the column is 6500#. 
Shese values tabulated are as follows: 



L0ADI1TG OH" TYPICAL IIE'ERIOR COLUMNS. 

3rd story 255 x 95 « 24200 

Beams = 6500 

Column = 1600 32300 



SOT AX 



32300 



2nd Story 



255 x 210 

Beams 
Column 



53500 
6500 
2000 



62000 



94300 



1st Story 



255 x 245 «= 62200 
Beams = 6500 
Column « 3400 



72100 



166400 



Bsmt. Story 



255 x 235 a 60000 
Beams = 6500 
Column = 4000 



70500 



236900 
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In the above tabulation 100$ of the roof live load is taken; 85% 
of the 3rd floor live load; 80$ of the 2nd floor live load; and 
75$ of the 1st floor live load; in all cases using 100$ of the dead 
load according to the Chicago Code. 

For the third story column, a 12" x 12" size may "be used with 
a minimum amount of steel, p s .005 as will "be seen by referring to 
Table 5. ITo smaller column would do because the story height is 
11* 8" and the ratio of height to least side must not exceed 12. 
The core area is 9 x 9 = 81 = 405' s 2« in « *> ut *ke total area of 
steel cannot be less than one square inch, nor the size of rod be 
less than l/2 inch. Therefor there must be 4 rods 5/8" round; 
area = 4 x .3 = 1.2 sq. inches. For ties use 1/4" round rods spaced 

7 1/2" centers which is 12 times least diameter of 5/8" rods. 

For the second story column, the load is 94300#; and refer- 
iug to Table 5 f it will be noted a 16"xl6" size is required having 
a steel percentage of p s ♦028. As the area of the core = 13 x 13 = 
169 sq# ins., the amount of steel = .028 x 169 = 4.73 sq. in. = 

8 round rods 7/8" diameter; actual area = 8 x #6 = 4.8 sq. in. For 
ties use l/4" round rods spaced at 10 1/2" apart which is 12 times 
the diameter 7/8". The vertical steel should extend upward into the 
next column far enough to develop bond for the stress in the steel; 
this may be taken Jb n times the concrete ctrers or 15 x i-OO * 6000$ 
per sq. in. For defoimed rounds with allowable bond stress of 100# 
per sq. in. 15 diameters would be required or about 13* but use 16" 



* — 4 



* 4 



Thesis « J&ge 27 



— S2RUC5URA1 DBSIGH — 

■o the length of rods will case oat even for a story height of lltg"* 

For the first story column tho load is 166500 Ids* A 21" x 21« 
also hav/ing a core area of 18 x 18 » 524 cq. in* \70uld he suitable. 
(Daking p ■ .02, the steel area ■ «02 x 324 « 6.43 cq. in. equivalent 
to 4 rods 1 l/8" and 4 rods 1" round; total aroa * 7.14 sq. in. 

(Actual p «• 7 #14 , ■ .022) 

324 

P"Ac(lfp{n-l)) 
p = 400 x 324 11 + .308) * 129600 x 1.308 • 170000# O.K. 

!Ehe tios 1/4" round should he spaced 12" centers = 12 diameters 
of smallest rods. Extend the rods up into the next stoxy 15 diameters 
for bond hich amounts to 15 x 1 1/8 ■ 17" say 19". Ehen the length 
of vertical steel is 11*8" plus 1»7" ■ 13»3". 

For the basement stoxy column the load is 236900$. A size 

24" x 24^ with core aroa of 21 x 21 = 441 sq. in. would be suitable. 

With p * .025; A = .025 x 441 « 11 sq. in. equivalent to 8 rods 1 l/4" 

square s 8 x 1.56 ■ 12.5 sq. in. 

P * 12.5 ■ .0284 and P ■ A c (1 +~ p (n - 1) ) . 
441 

P = 441 x 400 (If .398) * 176400 x 1.398 - 246000 # O.K. 

She ties of 1/4" round rods should be spaced 12 diameters 

of the smallest vertical steel = 12 x 1 1/4 c 15" centers. For bond 

extend the vertical 24" into next story. 



i * 
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L U H II S • TYPICAL WALL COLS. 

The wall columns carry the brickwork, spandrel beams and 
weight of the columns themselves; the floors are carried by the 
interior columns, and independent framework for cold storage build- 
ings where the insulation entirely separates the walls from the in- 
terior. The size of these columns is predetermined by the available 
space in the brick walls conforming with the architectural design* 
The outside pilasters being 30" wide, and the offset courses 4 l/2" 
each leaves a width of 21" for the column proper; while the thickness 
is 12 l/2" the same as the brick curtain wall. The loads for a 17 
foot panel are:- 

3rd Story 13500 13500 

2nd •• 32400 • 45900 

1st ,f 32400 78300 

Basement Story 32400 109600 

These are the full dead loads, figuring 120£ per cubic foot 
for brickwork and 150# per cubic foot for concrete beams and columns* 

For the 3rd story column the minimum steel must be used for 
the fixed sise 21 x 12 1/2 = 264 sq. in; ; area of core = 18 x 9 1/2 = 
171 sq. in. T&e smallest size rods allowed are 5/8" diameter; four 

rods have a total area of 4 x .3 = 1.2 sq.. in. Then p = JU2 = .007; 

171 
this is sufficient because p may be as lo:t c*s .005; but 1/2" rods 

would make p = .0046 which is too small 
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P =Ac (ltp(n-l)) 

p = 171 x 400 (1 * .098) = 68400 x 1.098 = 75000# 

But the load for the 3rd story column is 13500 and for the 2nd story 

45900 consequently this size will do for both. 

For the 1st story column (load 78300$) use the same size column 

but with 3/4" round rods; four rods have a total area of 4 x .44 * 

1.76 so. in. Then p ■ 1.76 = .0103 

171 

P = 68400 x 1.144 = 78400# 0. K. 

For the basement story column use 17" x 21" size, projecting 

inside 4 1/2", with 4 rods 3/4" diameter. Total area is 4 x .44 = 

1.76 sq. in. Then p = 1.76 = .007 

252 
Area of core = 18 x 14 » 252 sq. in. 

P«Ac(l+p(n-l)) 

P = 252 x 400 (1 + .098) 

P = 100800 x 1.098 = 109000# 
This is equal to the load, 109600$, but the colum being stiffened 
by the briclc wall possesses added safety. 
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COHKKB OGLIMTS - EXTERIOR* 

The load on the exterior corner columns consists of the 
brick work, the column itself and the beams f raining into it. 
The columns marked A-l» A-7 5 E-l» E-7 are tabulated &o follows: - 
Exterior Corner Column Loads. 



Col, Mark 


A-l 


A-7 


E-l 


E-7 


3rd Story 


14600 


19600 


14600 


19600 


2nd Story 


39100 


49600 


39100 


49600 


1st Story 


63600 


75800 ' 


63600 


75800 


Bsmt. Story 


88100 


85800 


88100 


100800 



For columns A-l and, E-l, having loads of 88100 lbs. in the 
basement story, the sine is fixed by tho pilaster measurements, 
being made 13 x 21 inches. The core is 3 inches less or 10 x 18 : 
180 sq, ins. The smallest percentage of steel that can be used 
is •&/<>• Therefore the steel area would be «5^x 180 b »9 sq, ins. 
But the minimum steel allowed in any column is 1 sq. in, so the 
smallest rods that could be used would be 4 round rods 5/8" dia- 
meter, making a total .area of 1,2 sq, ins. The load that such a 
column would sustain is determined by the formula; - 

P:AC(l+p(n-l) ) 

P s 180 x 400 ( 1 + .0067 ( 15 - 1 ) ) since 

p - 1 •2/180 = .0067, then 

P - 72000 x 1,094 - 79000 lbs. 
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This column will do for the first, second and third stories but 
not for the "basement* Therefore using the same size 13 x 21, 
try 4 round rods 1" diameter. The steel area is 4 x .7854 = 
3.14 sq. ins., and p = 3.14/180 = .0175. Using the same formula 
as above, the load it will sustain is, 

P = 72000 x 1.244 - 89500 lbs. 
which is in excess of the maximum load in the basement story of 
88100 lbs. This column will be the same size and shape in all 
stories, except that 1" rods will be used in the basement column 
and 5/8" rods in the columns above. 

The size of column A-7 is determined by the pilaster 
measurements. It is 21" x 21" for the basement and first stories; 
for the second and third stories it is ell-shaped, 21" each way. 
With p s »005, the steel area is .005 x 324 = 1.62 sq. ins. since 
the core is 18 x 18. The maximum load it will sustain is (Using 
4 round rods 3/4"):- 

P - 324 x 400 x 1.076 - 140000 lbs. 
Although this is in excess of the acttial load 85800 yet it is the 
least that can be used and will apply to the basement and first 
stories. For the second and third stories the core is 282 sq. ins. 
With p - #005, the steel area is 1.41 sq, ins. so that 4 round rods 
3/4" would have to be used the same as for the lower columns, con- 
sequently the columns would be ample from top to bottom. 
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For column E-7 the size in the basement is also 21 x 21 
and with 4 round 3/4" rods the load it would car*y amounts to 
140000 the same as A-V* But the greatest load is 100800 lbs. 
so column E-7 would be patterned after A-7. See column schedule 
for sizes of columns in each story, also for diameter and length 
of rods* 

In the case of the ell -shaped columns where 4 
rods do not work well in arrangement 8 smaller rods 
are substituted as indicated on the column schedule. 
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COLTO.STS - INTERIOR HjlLL COLUHtfS. 

Since the floods are supported independently of the walls, 

columns must be provided inside the corlc board layer to support 

the edges of the floors in the end bays* The width of these columns 

is determined by the outer columns 21" and the thickness by the 

height of not less than 1/16 of 11 « 8" = 9". The core o.rea = 

6 x 18 : 108 sq. in. Minimum steel = #005 x 108 = o54 sq. in. 

but not less than 1 sq. in. can be used so the least is 4 round 

rods 5/8 M diameter = 1.2 sq. in,. This column will support a 

load P = Ac(l + p(n-lj). p = !U2 = .011 

108 
P r 108 x 400 ( 1 + .155 ) = 67000 lbs. 

The floor loads on these columns for the various stories are cts 

follov/s; 

S t o ry Inc r ement L oad 

3rd 18000 18000 

2nd S2500 50500 

1st 37200 87700 

JJsmt. 37300 125000 

Consequently the minimun column may be vised for the 2nd and 3rd 

stories the load being less than 67000 lbs, 

tfor the first story column, a size 21 x 12 must be used; 

size of core ».18 x 9 = 162 

If p 3 .0245 then area of steel =.0245 x 162 = 3.96 sq. in. 

r 4 round rods 1 1/8" diameter. She load P - 162 x 400 (1 + .134) = 
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87700 # O.K. 

For the basement column xise a sise 21 s 16; core « 18 2 13 e 

234 sq. in. Try 6 round rods 1 l/8" diameter. Then area of steel 

= 6 sq. in. and p = 6 z «0256 

234 

P = 234 x 400 ( 1 + o36) = 127000# This is enough since 
the actual load is 125000#. 

For the interior wall columns at the corners, the size is 
12 ;■: 12" with a core eoual to 9 x 9 = 81 sa. in. The loads are as 



follows; 



Story 
3d 
2nd 
1st 
Bsmt. 



Increment 
10000 
17000 
195000 

ISoOO 



Load 

10000 

27000 

46500 

66000 



With minimum steel of 4 round rods 5/8" diameter with area of 1.2 

so. in., p = 1.2 s .0148 and trie load the column will sxipport is:- 
81 
P = 81 x 400 ( 1 -f .21 ) = 59000# consequently this will be 

the size used for the 3d and 2nd stories. But for the 1st and base- 
ment stories where the loads are 46500# and 66000$ respectively, the 
sise of the column used will be larg-etf because the maximum steel of 
p = .03 will not give a column sufficiently large,, 

For the 1st. story use a 14" x 14" size with a 11" x 11" 

core = 121 sq. in. Four round rods 1" = 3.14 sq„ in. and p m 5.14 

121 

= .026 p = 121 x 400 I 1 4. »36 = 66000& This is the right size for 
the basement and first stories. 
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POCIIHSS FOR C L U Mil S • 

The soil as shown by excavations consists of a top 
layer 5 feet thick of loam and gravel mixed; below that for a 
further depth of 25 feet a layer of pure clay containing some 
gravel in the upper portion, This bed will wupport the building 
since the basement footings will be about 10 feet below grade. 
According to the uhicago uode the allowable soil pressure is 
3500 lbs per square foot. 

For thj interior columns the footings will be reinforced 
concrete of the flat spread foundation type and square in shape. 
Following the theory developed ly experiments at the University 
of Illinois, the projecting portions of the footihgs will be con- 
sidered as cantilevers with a cross section at the edge of the 
colusm equal 'to the width .£ the column plus a distance on each 
side equal to the depth of the footing; while the height of the 
cross section is the some as the depth of the footing. The pressure 
of soil is exerted over the area bounded by the dge of the column, 
the outer edge of the footing, and the Wo diagonal lines running 
from the comers of the column to the comers of the footing. The 
center of pressure for this trapezoidal figure is taken at .6 the 
distance from the edge of column to edge of footing, measuring out 
from the column face. 

For shear the same section area is taken for resisting shear 
as for figuring moments; and the value of the shear equals the total 
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pressure on the trapezoidal figixre. 

Consider the typical interior column. Its load at the foot 
is 236900 lbs. as given on the page of column design. At 3500 lbs 
per sq. ft. the area of footing required is 236900 * 3500 = 67.5 sq ft. 
The nearest size of square of this footing would be 8* 2". The 
column measures 24" x 24", and the footing therefore projects 3 r 1" 
beyond the faces of the foluim. Assume a depth of 24" for the foot- 
ing. Then one edge of the propezoid measures 8 f 2" and the other 

eouals 24" + (2 x 24") = 6*0". The area = (8* 2" + 2» 0") x 5* 1" " 

2 

20*3 sq. ft. Total pressure = 3500 x 20.3 ■ 71000#. Bending moment = 

71000 x .6 x 3.08 x 12 = 1,570,000 in lbs. TaMng d = 21", the steel 

area required to resist this moment = 1570000 = 4.8 sq. ins. 

.87 x 21 x 18000 
But this is distributed over a v/idth of 6* 0" so that the steel area 

per foot is 4.8 s .8 sq. ins. ~ l/2" rounds € 3" centers. 
6 
The ' shear = 71000 lbs. at the edge of the column but the danger- 

our section is at a distance from the column equal to the depth d or 

21 inches. Here the shear is 36000 lbs and the unit shear * 36000 



72 x 21 x .87 

per sq. in. The bond stress ■ 71000 = 86#. 

7.13 x 4 x 1.57 x .87 x 21 
Therefore hook the ends of the bars. How test for punching shear using 

an allocable stress of 120 lbs. per sq. in. and tatting the perimeter of 

the column multiplied by the depth of footing for the area subjected 

to punching shear. 

Punch, shear = 236900 (total load ) = 103£ per sq. in. 

24 x 4 x 24 

which is less than the allowable and therefore safe. 



*' . -» 
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Roda will run in both directions across the footing, u/he 
minimum spacing of 3" will affect the rods in the middle portion, 
a width of 6 feet; the rods beyond that may be spaced farther apart 
or at 6 H centers, 

She exterior wall column footings aro to be figured the same 
way when standing alone but if adjacent to an inner column, the two 
footings are to be combined. 
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F00TI1TGS FOH CGLUMTS ALOITG i;OHTH WAIL. 

Since there is already a building at present 
along the north wall of the uold storage House the new foot- 
ings will not only be carried below the old footings but will 
not be permitted to ezctend beyond the building line. Con- 
sequently spread footings of the beam, cantilever type will 
be used to support the wall columns and the interior columns 
of the adjacent bay. 

This footing must be arranged ao that the center of 
gravity of the two column loads will coincide with the center 
of gravity of the footing, the latter representing the center 
of the upward earth pressure or soil reaction. 
The loads are:- 

On the exterior wall column 109600 

» " interior u » 125000 

" " interior floor 256900 

Total 471500 
See Fig. 6 (Diagram) 

For a soil pressure of 3500$ per sq. foot the area of the foot- 
ing will be 471500 = 135 sq# ft. i;ow take moments about the 

3500 
point A to determine the center of gravity of the column loads. 

2C = (125000 x 12.75) - (109600 g 14.25) - 6*8" 

471500 

Therefore the center of gravity of the footing must be 6 , 8 11 from 

the point A of 8 f 4 ,f from the extreme wall end, iiai:ing tho shape 

of the footing rectangular puts this point in the middle and the 
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other end of the footing must be 8*4" in the opposite 
direction, 'fhe total length is then 16 T 8" and it projects 
l f 8" beyond the center of the interior floor column. Divid- 
ing the total area 135 sq. ft. by the length 16 r 8" gives the 
width as 8*2". 

r i3ie soil pressure conforms to a uniform boad and the 
bending moment near the middle of the footing is 6,900,000 
inch- lbs. Let the depth of footing equal 33", then d * 30" 
allowing 3" of concrete covering. Area of steel per foot 

width = & - 6900000 =1.8 sq. ins. This is 

8.1 x 15800 x 30 

equivalent to 3/4" round rods at 3" centers in top of foot- 
ing. Use the same size rods in the bottom of footing but 
space them 12" centers just to prevent cracks from stresses 
due to uneveness of soil pressure. Also put in some 1/2" 
round cross reds at 24" centers to prevent cracks, using 
these rods as ties for top cOid bottom layers. 

The shear V = 236900 lbs. and v * 256900 : 

12 x 8.1 x 30 x .877 

93tr per sq. inch. Stirrupc will be required spaced as follows: 

4 at 8" - 4 at 10" bending the stirrups up twice or "Y/" shaped 

so the resistance of four times the cross section v/ill be 

effective, ilie long top rods must be bent at the 5th points 

like beam bars and hooked at the ends for bond stress. Svery 

alternate rod to be bent, the others running straight through 
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but hooked at both ends. 

The other wall column footings may extend "beyond the 
property lines and so are figured in the same manner as the 
typical interior footings. 

The concrete wall between the exterior columns and 
extending to the first floor level when the brickwork starts 
will be made 17" thick and will be reinforced horizontally by 
5/8" round rods at 12" centers on outside and inside face, and * 
vertically by 5/8" round rods at 9" centers in both faces. 
This wall will rest on top of the column fottings at the columns, 
it is shown by light lines on the footing drawing. 

All footings are to be provided with 1" round dowels 
4*0" long extending 18" into footing and 30" into columns, each 
footing to have as many dowels as there are column rods and 
arranged in the same manner so they may be wired to the column 
reinforcement. 
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INSULAUOH O'F COLD STORAGE WALLS. 

In modern refrigeration it is the x^resent commercial practice 
to employ cork board as an insulating material. The building is com- 
pletely enveloped in a bos of corlc by a special type of construction. 
Shis consists in building the outside walls independent of the main 
structure and utilising a separate system of interior framework to 
support the floors and their loads* A space is left between the outer 
walls and the inside framing to accomodate the necessary layers of 
cork board. The only connection across the space is a series of steel 
anchors at each floor level and at each column, tying the adjacent 
columns (exterior and interior) together. 

The space between the rails and the inside framework is made 
T\ \7ide to ail 0,7 two X-^^rs of 3" corkboard to be placed after the 
structure is completed. On the roof two layers of 2" corkboard 
will be irsed besides the concrete roof slab to allow ample protection 
from the heat of the sun. 

The various floors will be insulated also, using two layers 
of 2" cork for the purpose of preventing the transmission of heat from 
one story to the next where a difference of several degrees in tem- 
perature must be maintained. 

In the first story it is necessary to insulate the columns also, 
extending the 3" corkboard around the column from floor to ceiling. 
This is to prevent frost from traveling through to the basement story 
by means of the concrete columns which extend through the floor. 
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To prevent the j>assage of heat and moisture through the 
walls corkboard has be on found by experience to be an ideal in- 
sulation. The heat conductivity of orescent corkboard, manufact- 
ured ^ay the United uork Companies, is 6*4 B.x.u. per square foot 
for one degree difference in temperature per 24 hours, as shown 
by extended tests. 

For a 13" brick wall the conductivity is' 7.926 B.T.U. and for 
6" thickness of concrete floor it is 17.2 B.T.U. per 24 hours. 

As an example of determining the value of insulation with 
respect to refrigeration, consider the beef freezer room on the first 
floor where the temperature is to be kept at zero (Pahr. }. The 
mean yearly outside temperature may be taken at 52 degrees for 

this latitude, then the difference is 52 - = 52 

and the area exposed is, for the outside 

wall 30 x 11 - 330 

The heat transmission per square foot is 

for a brick wall 956 

including 6 ,! cork and cement plaster. 

tfor a difference of 52 degrees this amounts 

to 52 x .956 = 49.8 

and for an area of 330 square feet the total 

i5.x. S. is 330 x 49.8 = 16420 

for c period of 24 hours. 
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In the same way find the heat transmitted through the 
ceiling, floors and partitions, talcing the sum for determining 
the amount of refrigeration needed in tons per 24 hours, as 
follows: - 

tfor the ceiling, consisting ox 6 n concrete, 
4 U cork board and Ivf 11 cement plaster the con- 
ductivity per square foot per degree for a 

period of 24 hours is 1.452 B.T.U. 

Temperature difference between cooler above 

at 30 degrees and the freezer 30 degrees 30»0 

Ceiling area 30 x 34 feet • 1020.0 

Product of these three factors 44500 

B.2.U. per 24 hours. 

For the walls next to the cork partitions 

the difference in temperature between the 

freezer at zero and coolers at 12 degrees is . 12 # 

The area of the partitions forming two sides 

of the room is 64 x 11 704.0 

The conductivity for 4" cork board and l-V 1 
cement plaster per so. f t# per degree for 

24 hours is 1*68 

Product of the three factors 14200 

B.T.U. per 24 hours. 
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For the floor the area is 1020 

The difference in temperature between the 

basement at 55 degrees and the cooler at 

zero is 55 

The coefficient of conductivity for the 

floor consisting of 6" concrete, 4 U cork 

and 4* 1 concrete wearing surface is 1.4 

Product of the three factors (B.T.TJ. ) s 78540 

For the wall next to the old building 

the area is 34 x 11 feet 3Y4 

The difference in temperature between the 

freezer at zero and the old building at 

65 degrees is 65 

The conductivity of the old and new walls 

consisting of 13" new brickwork, 4" cork 

board, l§r* cement plaster, and 13 !l old 

brickwork is ••••*• .05 

The product of the three factors is 1220 

B.T.U. per 24 hours* 

The sum of B.EJJ^s for all surfaces of tlie room amounts to:- 

Outside wall 16420 

Ceiling 44500 

Cork partitions 14200 

Floor 78540 

Double wall 1220 

Total 154880 



1 * a *• j b 
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To e:cpress this quantity in terras of refrigeration it is 
necessary to defind the latter. To melt one pound of ice at 32 
degrees (Fahr. ) 144 B.T.U* of heat are required. One ton of 
refrigeration represents the cooling effect produced "by melting 
one ton (2000 lbs.) of ice at 32 degrees into water at 32 degrees: 
or 2000 x 144 B.T.U.'s = 288000 15. T.U.'s. 

Then for the freezer room under consideration where 154880 
B.T#U. f s would be required per 24 hours, the equivalent* amount 
of refrigeration in tons is 154880 divided by 288000 s #54 tans 
per 24 hours. This is for one room only when accidental losses 
are neglected such as opening of cooler doors, the presence of 
men in the cooler room and the warning effect of electric lights. 
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In compiling an estimate of the cost, tho building 
itself will be considered, including excavation, materials 
of construction, coric board insulation and labor; but not 
equipment nor machinery for the refrigeration plant. The 
figures will therefore cover the erection of the cold stor- 
age house ready for all ice making installations. 

The subject divides itself into four main divisions: 
excavating, construction, insulation and engineering. 

EXCAVATING. 

The tract of land being fairly level, the depth 
which must be dug may be taken at an average of 11*0" from 
grade to lowest' point of foundation. Allowing an additional 
two feet excess on all sides the area of the hole equals 
(68 f 4) x (90 + 4) s 72 s 94 = 6768 sq. ft. Multiplying 
this by the depth 11 feet raaJces the number of cubic feet 
74448; divide by 27 reducing it to 2757.3 cu. yds. 

The current price quoted by contractors on worlc 
in ohicago is 92,25 per ciibic yard making the amount for 
excavating about $6200«00 

COITSTPJJCTIHJ. 

In analysing the cost of the concrete work it is 
necessaiy to corpute the volume of concrete iised in floors, 
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roof, columns and footings* The slab thiciaaesses for the various 
stories are ;- first, ,6^-" plus 3" wearing surface ~ % t! ; second , 
&i*; third, & m ; roof, 4r|* After deducting the area of cork 
slots and talcing into account the stairs, elevator shaft and 
columns the area per floor is 5287 sq. ft* Tailing the total 
thiclQiess of all slabs at 50 tf (Bsmt. 3i J? ) gives the cubic con- 
tents of floors at 13217 cu ft. 

Cubic contents of columns from base to roof * 3360 cu* ft* 
Footings under all columns 4480 cu ft* 
Beams extending below slabs 5400 cu ft. 
Basement walls 17" thick 6600. 
Total 33067 cu. ft* or in cubic yards about 1220* 

The steel, figuring p «,t an average value of ,01 amounts 
to 330 cu ft. and at 480 lbs. per cubic foot equals 160000 lbs 
or 80 tons. 

The concrete at §36.00 per cubic yard totals, including 

forms and all labor §44000*00 

The steel at 16 cents a pound put in place 20300.00 

jjricfcvoric in curtain walls amounts to very nearly 3900 cu 
•ft. - 90000 briclcs. At present prices for material and labor 
would amount to $42.00 per thousand or a total of 3800.00 

30 cooler doors installed complete C §65 2000*00 

Roofing put on; Carpentry labor and materials; plumbing 
ducts; plastering; and iron work as determined by estimates 

used by contractors approximate 16000*00 
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HfSULATI!?G. 

Along the outside walls, "under the first floor and over 
the roof slab 6" of cork is used making a total of 21354 sq. ft. 
of 6" thick cork board. For the partitions, columns and under 
the second and third floors 4" cork is used making a total of 
17174 sq. st. of 4" thickness cork board. Reducing this to 
cubic feet of cork the amount is 16400 cu. ft. This can be 
bought and put in at present prices for 1.25 per cubic foot 
totaling $20500.00 

ETTGIiEERIiTG. 

This will include surveying, making drivings and super- 
vising which all together will add 12$ to the original estim- 
ated cost or 13000.00 

SUMIAHT OP ALL ITEMS GIVES ABOVE; - 

Excavating 62000.00 

Concrete 44000.00 

Steel 20300.00 

Brictoork 3800 .00 

Cooler doors 2000.00 

Insulation 20500.00 

Carperitiy & Miscellaneous 16000.00 

Engineering 13000.00 

ESTIHAEE TOi'AL 126000.00 
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ITow the cubic contents of the building is 90 x 70 x 55 
- 346000 cu ft. and according to recent tabulated costs of 
actually built cold storage buildings as recorded by the 
United ooric oo. the complete cost averages adout 33 cents 
per cu* ft* at present prices. i'his would amount to $114000. 
without elevators or. machinery equipment. In view of present 
uncertain factors affecting costs, a safe estimate for this 
building would be around ^130,000.00. 
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LEGEND. OP SYMBOLS 
A IT D 
ALLOCABLE U If I I STRESSES- 



f = 700 #/ sq. in. 

C = 400 " " 

v = 40 " Tt 

xl = 50 ji » 

xi z 100 " » 



STRESSES III GCMGHETE. 

Bendiag, compression, 

Direct compression, 

Shear, diagonal tension 

Bond, plain round bars 

Bond, deformed r ovoid bars 
STRESSES IS STEEL 

Steel, high Uarbon, tension, s = 18000 #/ sq, in. 

Shear, when used as stirrups y = 12000 " " 
OTHER SYIIBOLS. 

V - Total shear in beam. 

A r Steel area of rods. 

p - Steel ratio 

b - width of beam 

d » depth to center of steel 

h - total depth 

n s ratio of moduli of elasticity of steel and concrete 

1c s ratio of distance down to neutral axis to d* 

.1=1- k 

3 
II - Bending moment 
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PIGURB 6, 

Diagram of spread footing for exterior wall columns and interior 
floor column with loads ae shown. At the left end the edge of 
footing coincides with building line. 
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Taking moments ahout point A gives the distance to center of 
gravity of the loada as S*B m and this must coincide with tae 
center of the footing wMch extends 8*4" each way. Be* com- 
putations for footings of north wall columns* 
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